Background/Aims: Berberine (BBR) is an isoquinoline alkaloid and is beneficial for the anticancer effect on a variety of human tumor cells. However, BBR's anti-angiogenesis property and its clinical potential as an inhibitor of tumor angiogenesis in breast cancer cells have not been fully elucidated. Here, we investigated the effect of BBR on TPA-induced VEGF and fibronectin (FN) as well as VEGF-induced FN in breast cancer cells. Methods: The secretion of VEGF protein was detected by ELISA. Fibronectin mRNA and protein expression was analyzed by Real-Time PCR and western blotting, respectively. The overexpressions of CA-MEK, and CA-Akt were examined by adenovirus system. Results: Our results showed that TPA, a tumor promoter, significantly increased the level of VEGF and FN expression in both MCF7 and T47D breast cancer cells. On the other hand, TPA-induced VEGF and FN expression was suppressed by LY294002, a PI-3K inhibitor. In contrast, the level of FN expression also significantly increased by constitutively active (CA)-AKT overexpression. We also found that TPA-induced VEGF and FN expression was decreased by BBR treatment. Finally, our results showed that VEGF augmented the expression of FN whereas VEGF-induced FN expression was decreased by BBR treatment. Conclusion: Taken together, we suggest that BBR may suppress TPA-induced VEGF and FN as well as VEGF-induced FN through the inhibition of the PI-3K/AKT pathway in breast cancer cells. Therefore, we suggest that BBR may be used as a candidate drug for the inhibition of angiogenesis of human breast cancer.
Introduction
Breast cancer is one of the most frequently diagnosed cancers in women worldwide and comprises a remarkably heterogeneous group of diseases [1] . The lethality of this cancer is caused by metastasis and the survival rate falls from 90% for localized breast cancer to 20% for metastatic breast cancer [2] . Cancer progression and metastasis are closely associated with epithelial-mesenchymal transition (EMT) [3] . During the EMT, epithelial proteins such as zonula occludens 1 (ZO-1) and E-cadherin, significantly are decreased while mesenchymal proteins such as vimentin and fibronectin (FN), are upregulated, facilitating the migratory phenotype [4] .
Berberine (BBR) is an isoquinoline alkaloid isolated from the Chinese herb Coptis chinensis (Huanglian) [5] . BBR induces cell cycle arrest in the G1 and G2/M phases through p53-dependant up-regulation of p21 in human osteosarcoma cells [6] and induction of apoptosis in breast cancer cells [7] . In addition, BBR has an anti-metastatic effect by the modulation of MMP-1, -2, and -9 in breast cancer and gastric cancer cells [8] [9] [10] . Here, we investigated the effect of BBR on the anti-angiogenic mechanism in breast cancer cells.
Angiogenesis is a pivotal natural process of new blood vessel formation and plays an essential role in breast cancer development and metastasis [11, 12] . Vascular endothelial growth factor (VEGF) is essential for the development of the neovasculature during tumor formation and stimulates tumor metastasis, proliferation, invasion, and endothelial cell migration [13, 14] . The expression of VEGF directly contributes to the poor prognosis and a tendency for metastasis in solid tumors such as breast cancer [15] . The elevated expression of VEGF can be associated with shorter relapse-free survival in early-stage breast cancer patients [16] . VEGF also increases the cellular invasion of breast cancer cells in the presence of FN [17] .
The stromal extracellular matrix (ECM) protein, FN is a large glycoprotein and is associated with cell differentiation, oncogenic transformation, motility and migration [18, 19] . Alterations of FN expression play a crucial role in the progression of breast cancer metastasis [20] . Aberrant FN expression have been detected in the stroma of breast cancer tissues and FN levels in breast tumor tissues are positively correlated with tumor malignancy and negatively correlated with the survival rate of breast cancer patients [21] .
The aim of this study is to investigate the effect of BBR between VEGF and FN in MCF7 and T47D human breast cancer cells. We observed that the TPA-induced VEGF and FN expressions are mediated through a PI-3K/AKT-dependent mechanism in breast cancer cells. The level of FN expression was augmented by VEGF treatment. VEGF-induced FN expression was significantly decreased by BBR in breast cancer cells.
Materials and Methods

Reagents
Dulbecco's modified Eagle's medium (DMEM), RPMI1640 and the antibiotics were purchased from Life Technologies (Rockville, MD, USA). Fetal bovine serum (FBS) was purchased from Hyclone (Logan, UT, USA). Berberine was purchased from Sigma (St. Louis, MO, USA). Go6983, UO126, and LY294002 were purchased from Tocris (Ellisville, MO, USA). Tivozanib was purchased from Selleck Chemicals (Houston, TX, USA). Akt IV inhibitor, the secondary HRP-conjugated antibodies, and mouse monoclonal anti-β-actin antibody were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Rabbit monoclonal anti-fibronectin, p-Akt, p-PKC-α, and pErk1/2 antibodies were purchased from Epitomics (Burlingame, CA). MMP-1 antibody was a generous gift from Dr. Jin Ho Chung (Seoul National University, Seoul, Korea). TPA was purchased from R&D Systems (Minneapolis, MN, USA). The ECL prime reagents were from Amersham (Buckinghamshire, UK). /well) were cultured in a 96-well plate in 100 µl/well of culture media in the absence or presence of the indicated dose of berberine. After incubating the cells for 24 h, 10 µl WST reagent was added to each well. Viable cells were quantified photometrically at 450 nm.
Western blotting
The cell culture media (supernatants) and cell lysates were used in the immunoblot analysis for fibronectin, MMP-1, PKC-α, ERK, Akt, and β-actin. The proteins were boiled for 5 min in Laemmli sample buffer and then they were electrophoresed in 8% (fibronectin) or 10% SDS-PAGE gels, respectively. The separated proteins were transferred to PVDF membranes and the membranes were then blocked with 10% skim milk in TBS with 0.01% Tween-20 for 15 min. The blots were incubated with anti-fibronectin, MMP-1, PKC-α, ERK, Akt, and β-actin antibodies (1/1,000 dilution) in 1% TBS/T buffer (0.01% Tween 20 in TBS) at 4°C overnight. The blots were washed 3 times in TBS with 0.01% Tween 20 and they were subsequently incubated with anti-rabbit peroxidase-conjugated antibody (1/2,000 dilution) in TBS/T buffer. After 1 h incubation at room temperature (RT), the blots were washed three times and ECL plus reagents were used for development.
Real-Time PCR
The total RNA was extracted from the cells by using the TRIzol reagent (Invitrogen, Carlsbad, CA), according to the manufacturer's instructions. Isolated RNA samples were then used for RT-PCR. Samples (1 µg of total RNA) were reverse-transcribed into cDNA in 20 µl reaction volumes using a first-strand cDNA synthesis kit for RT-PCR, according to the manufacturer's instructions (MBI Fermentas, Hanover, MD, USA).
The gene expression was quantified by Real-Time PCR using a SensiMix SYBR Kit (Bioline Ltd., London, UK) and 100 ng of cDNA per reaction. The sequences of the primer sets used for this analysis are as follows: human fibronectin (forward, 5′-CCA CCC CCA TAA GGC ATA GG-3′; reverse, 5′-GTA GGG GTC AAA GCA CGA GTC ATC -3′) and GAPDH as an internal control (forward, 5′-ATT GTT GCC ATC AAT GAC CC-3′; reverse, 5′-AGT AGA GGC AGG GAT GAT GT-3′). An annealing temperature of 60°C was used for all of the primers. PCRs were performed in a standard 384-well plate format with an ABI 7900HT real-time PCR detection system. For data analysis, the raw threshold cycle (C T ) value was first normalized to the housekeeping gene for each sample to get the ΔC T . The normalized ΔC T was then calibrated to the control cell samples to get the ΔΔC T .
VEGF ELISA MCF-7 and T47D breast cancer cells were pretreated with 50 or 100 µM concentrations of berberine for 60 min prior to TPA treatment and then treated with 10 nM TPA for 24 h. ELISA assays were performed on culture media (400 µL) collected from the cells. Vehicle (DMSO) treated cells were used as a control in all of the experiments to provide baseline levels of VEGF production. Protein levels of VEGF were measured using an ELISA kit for human VEGF (Koma Biotech, Seoul, Korea), according to the manufacturer's instructions and then using a microtiter plate reader, read the plate at 450 nm wavelength. Kim 
Adenovirus induction
The empty (Lac Z) and adenoviral human CA-MEK, CA-AKT, and DN-AKT cDNA were the gifts of Dr. Hyunil Ha (Korea Institute of Oriental Medicine, Daejeon, Korea). Recombinant adenovirus-expressing human CA-MEK, CA-AKT, and DN-AKT was reproduced into 293A cells.
PKC-α siRNA and myr-PKC-α transfection PKC-α siRNA was purchased from Bioneer Corporation (Deajeon, Korea). Myr-PKC-α FLAG was a gift of Dr. Hodges (Addgene plasmid #10807) [22] . We found that the optimal siRNA knock-down and overexpression conditions involved transfecting the MCF7 breast cancer cells at 80% confluence and the cells were maintained in DMEM with 10% FBS; Effectene (Qiagen, Valencia, CA) was used for the transfections with PKC-α siRNA (25, 50 nM or as noted) or Myr-PKC-α FLAG, following the protocols provided by the manufacturer. Fresh serum-free media with or without 20 nM TPA was added 24 h after the 48 h transfection. The level of the PKC-α protein expression was analyzed by western blotting.
Statistical analysis
Statistical significance was determined using Student's t-test. Data are presented as means ± SEM. All quoted P values are two-tailed and differences were considered significant for P values < 0.05. Microsoft Excel was used for the statistical analyses.
Results
TPA augments the basal level of VEGF secretion and FN expression in the MCF7 and T47D breast cancer cells
TPA is a well known tumor promoter which acts as a potential inducer of tumor invasion and migration in various tumor cells, including breast cancer cells [23, 24] . In this study, we sought to verify the effect of TPA on the VEGF and FN protein expressions. Our results showed that the secretion of VEGF was time-and dose-dependently increased by TPA treatment in MCF7 and T47D breast cancer cells (Fig. 1A and 1B) . After TPA treatment, the levels of the VEGF secretion were significantly increased to 855.2% and 1654.0% of the control level at 16 h and 24 h, respectively, in MCF7 breast cancer cells (Fig. 1A) . In addition, the amounts of VEGF expression by 10 nM TPA treatment were increased to 291.7% and 231.3% of the control level in MCF7 and T47D breast cancer cells, respectively (Fig. 1B) .
Here, we also examined the expression of FN by TPA in MCF7 and T47D breast cancer cells. As shown in Fig. 1C , the levels of FN expression were increased by TPA treatment in a dose-dependent manner. In both cell culture media and whole cell lysates, the expression of FN protein was increased in MCF7 and T47D breast cancer cells (Fig. 1C) . Recently, we reported that the level of MMP-1 expression was increased by TPA in breast cancer cells [8] . So, we confirmed as positive control that the MMP-1 protein expression was increased by TPA treatment in cell culture media (Fig. 1C) .
TPA-induced VEGF and FN expressions are regulated through PI-3K/Akt dependent pathway in MCF7 breast cancer cells
To investigate the regulatory mechanism of TPA-induced VEGF and FN expression, we pretreated MCF7 cells with specific inhibitors such as LY, PI-3K inhibitor, UO, MEK1/2 inhibitor, and Go, PKC inhibitor, respectively, for 30 min prior to the 10 nM TPA treatment. We found that TPA-induced VEGF secretion was decreased by in all inhibitors (Fig. 2A) . The levels of VEGF secretion was increased to 323.0% of the control level by 10 nM TPA treatment ( Fig. 2A) . On the other hand, TPA-induced VEGF secretion was significantly decreased by 150.5%, 162.7%, 137.1%, and 93.2% of the control level by 10 µM LY, 10 µM AKT IV, 10 µM UO, and 10 µM Go treatment, respectively ( Fig. 2A) . However, TPA-induced FN protein and mRNA expression was decreased by LY, PI-3K inhibitor (Fig. 2B) but not by UO or Go (data not shown). We also verified that TPA-induced FN protein and mRNA expression was Kim et 
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decreased by Akt IV inhibitor, Akt inhibitor which is a downstream signaling molecule of PI-3K (Fig. 2B ).
In addition, we investigated the effect of constitutively active (CA)-PKC, MEK, and AKT overexpression in MCF7 breast cancer cells. As expected, our results showed that the levels of FN protein expression were significantly increased by CA-AKT overexpression but not by CA-PKCα, CA-MEK, or dominant negative (DN)-AKT overexpression (Fig. 2C) .
We investigated the effect of FN protein and mRNA expression by TPA-induced VEGF in MCF7 breast cancer cells. As shown in Fig. 2D , TPA-induced FN protein and mRNA expression was significantly decreased by VEGFR inhibitor, Tivozanib.
Based on these results, we demonstrated that TPA-induced VEGF and FN expressions are regulated through a PI-3K/Akt dependent pathway. In addition, TPA-induced VEGF affect the level of FN expression in breast cancer cells.
TPA-induced VEGF and FN expressions are suppressed by berberine (BBR) treatment
We investigated whether BBR is involved with the TPA-induced VEGF and FN expressions. The chemical structure of BBR represented in Fig. 3A . As shown in Fig. 3B , the cell viabilities of MCF7 and T47D breast cancer cells were not affected by BBR treatment at the indicated doses. So, we chose the 100 µM BBR concentration for further study.
Next, we treated the cells with 10 nM TPA for 24 h after pretreatment with BBR for 60 min. To assess the levels of VEGF and FN protein and mRNA expression, we harvested the cell lysates and culture media, respectively. Our results showed that the induction of VEGF secretion by TPA was significantly decreased by BBR treatment in MCF7 and T47D breast cancer cells (Fig. 4A) . The levels of TPA-induced VEGF expression was suppressed by 126.3% and 33.1% of the control level by 100 µM BBR treatment, respectively (Fig. 4A) . Under the same conditions, we investigated the effect of BBR on TPA-induced FN protein and mRNA expression. As expected, our results showed that the up-regulation of FN expression in response to TPA was decreased by BBR treatment in MCF7 and T47D breast cancer cells (Fig. 4B) .
VEGF-induced FN expression is suppressed by BBR treatment in breast cancer cells
We investigated whether VEGF regulates the level of FN expression in breast cancer cells. The cells were treated with VEGF at the indicated concentration for 24 h. To assess the levels of FN protein expression, we harvested the cell culture media. As shown in Fig. 5A , the basal level of FN protein expression was significantly increased by VEGF treatment in MCF7 and T47D breast cancer cells. (A) After serum-starvation for 24 h, the MCF7 cells were pretreated with 10 µM LY, AKT IV, U, and Go, respectively, for 30 min, and then they were treated with 10 nM TPA for 24 h. The levels of the secreted VEGF protein were analyzed by ELISA. (B) After serum-starvation for 24 h, the MCF7 cells were pretreated with 10 µM LY and Akt IV, respectively, for 30 min, and then they were treated with 10 nM TPA for 24 h. (C) After the MCF7 cells were pCMV6 (control) or myr-PKC-α (0.4 µg) plasmid DNA transfected for 48 h, respectively, they were then serum-starved for 24 h (left). After adenoviral CA-MEK (middle), DN-AKT, or CA-AKT (right) transfection for 24 h, respectively, the cells were further incubated in serum-free media for 24 h. (D) After serum-starvation for 24 h, the MCF7 cells were co-treated with 10 nM TPA and the indicated doses VEGFR inhibitor, Tivozanib, for 24 h. The levels of fibronectin, p-PKC-α, p-ERK, p-AKT, t-AKT and β-actin protein expression were analyzed by western blotting. The levels of fibronectin mRNA were analyzed by real-time PCR. The results are representative of three independent experiments. The values shown are the means ± SEM. * P < 0.05, ** P < 0.01 vs. control. # P < 0.05, ## P < 0.01 vs. TPA-treated cells. Con: control. LY: LY294002, U: UO126, Go: Go6983, Akt IV: Akt IV inhibitor. and T47D cells were pretreated with 50 and 100 µM berberine, respectively, for 60 min and then they were treated with 10 nM TPA for 24 h. The levels of secreted VEGF protein were analyzed by ELISA. (B) Under the same conditions, the levels of fibronectin protein and mRNA expression were analyzed by western blotting and real-time PCR, respectively. The results are representative of three independent experiments. The values shown are the means ± SEM. * P < 0.05, ** P < 0.01 vs. control. # P < 0.05, ## P < 0.01 vs. TPA-treated cells. Con: control. Kim 
Discussion
Phorbol esters such as TPA are natural molecules that are well known potent tumor promoters [25] . The phorbol esters play a key role in the activation of PKC, which triggers various cellular responses including inflammation, cell proliferation, and cell differentiation [26, 27] . In a recent study, we reported that TPA augments the secretion of VEGF protein through Raf/MEK/ERK pathway in breast cancer cells [28] . In this study, we found that the levels of fibronectin (FN) mRNA and protein expression significantly became increased by TPA treatment. Here, we investigated the inhibitory effect of BBR on TPA-induced VEGF and VEGF-induced FN expression in breast cancer cells.
VEGF serves as a key angiogenic factor in a wide range of human cancers [29, 30] and has a pivotal role in the metastasis of solid tumors [31] . VEGF and its receptors are frequently overexpressed in human tumors such as breast, colorectal and prostate cancers [30, 32, 33] . In addition, transcriptional activity of VEGF is regulated by its many transcriptional activators, including Sp1, HIF-1, AP-2 and STAT3 [34] [35] [36] . TPA also significantly increases the transcriptional activity of Sp1 in the human hepatocarcinoma cell line HepG2 [37] . We found that the levels of VEGF expression significantly were increased by TPA treatment. On the other hand, TPA-induced VEGF expression was completely inhibited by phosphatidylinositol 3-kinase (PI3K) inhibitor, MEK1/2 inhibitor, and PKC inhibitor, respectively. Therefore, we suggest that these signaling pathways indirectly or directly play an important role on the regulation of TPA-induced VEGF expression in breast cancer cells.
FN is an adhesive glycoprotein and is highly expressed in the stroma of breast tumors than in normal adult breast tissue [38] . FN is associated with motility and migration [39] . FN-stimulated cell migration and invasion is achieved through the activation of FAK, which regulates MMP-9 through ERK1/2 signaling in non-small cell lung carcinoma [39] .
VEGF/VEGFR complex activates downstream signaling pathways, including the PI3K/ Akt and the Raf/MEK/ERK pathways and then controls the cell proliferation and migration [40] . Kazi et al. reported that VEGF-bounded VEGF receptor, flt-1 induces FN secretion through an ERK dependent pathway in human airway smooth muscle cells [41] . However, our results showed that the expression of FN is mediated by a PI3K/Akt dependent pathway in breast cancer cells. In addition, the levels of FN expression were significantly increased in CA-Akt overexpresed cells. Therefore, we demonstrate that the PI3K/Akt pathway plays an important role in TPA-and VEGF-induced FN expression. After serum-starvation for 24 h, the MCF7 and T47D cells were pretreated with 50 and 100 µM berberine, respectively, for 60 min and then they were treated with 10 ng/ml VEGF for 24 h. The levels of fibronectin protein expression were analyzed in the culture media by western blotting. The results are representative of three independent experiments. Con: control.
In conclusion, we found that TPA significantly augments the levels of VEGF and FN expression through the PI3K/AKT dependent pathway in breast cancer cells. Surprisingly, TPA-induced VEGF and FN expressions as well as VEGF-induced FN are inhibited by BBR. Therefore, we have demonstrated that BBR may be used as a candidate drug to produce anti-angiogenic and anti-EMT effects in human breast cancer through the suppression of the VEGF expressions.
